Abbreviations: DE, deep endometriosis; LR, likelihood ratio; MRI, magnetic resonance imaging; NPV, negative predictive value; POD, pouch of Douglas; PPV, positive predictive value; RVS, rectovaginal septum; TVS, transvaginal sonography; USL, uterosacral ligaments. 
| INTRODUC TI ON
Deep endometriosis (DE) is defined as the presence of endometrial subperitoneal implants of ≥5 mm and can occur in the rectum/rectosigmoid bowel, uterosacral ligaments (USL), rectovaginal septum (RVS), vagina and/or bladder.
1 Bowel endometriosis involvement is estimated to occur in 5.3-12% of women with endometriosis, and the rectum and rectosigmoid junction together account for 70-93% of all intestinal endometriotic sites.
2
Transvaginal sonography (TVS) and magnetic resonance imaging (MRI) have been assessed as appropriate mapping tools for DE, ovarian endometriosis, and adenomyosis. 3 The use of the TVS "sliding sign" has been demonstrated in previous studies to predict the presence of pouch of Douglas (POD) obliteration in women with suspected endometriosis, with a sensitivity and specificity ranging from 83% to 89% and from 92% to 97%, respectively. 4,5 POD obliteration at laparoscopy is known to be associated with a 3-fold increased risk of DE of the rectum, and in turn, the need for bowel surgery. 6 Given the strong relation between POD obliteration and rectal or rectosigmoid DE at laparoscopy, it has been suggested that a negative "sliding sign" may be a useful sonographic test for the prediction of rectal DE. In a study by Hudelist et al, 7 a negative TVS "sliding sign" was associated with rectal DE with an accuracy, sensitivity, specificity, PPV, NPV, LR + , and LR − of 93%, 85%, 96%, 91%, 94%, 23.6, and 0.15, respectively. The authors concluded from that study that a negative "sliding sign" could be a useful tool for triaging rectal DE in primary care, where skills in TVS are less developed.
The association between POD obliteration and rectal DE at laparoscopy was also appreciated in a recent publication from our group 8 ; 36 of 43 (84%) women with rectal DE at surgery were also found to have POD obliteration. The findings from that study suggest that a negative "sliding sign" may not be an accurate predictor of rectal DE, as POD obliteration can occur in the absence of rectal DE (and vice versa).
The aim of the current study was to assess whether the ultrasound-based "sliding sign" alone or direct visualization of rectal DE alone using the TVS, or the combination of "sliding sign" and direct visualization of rectal DE using the TVS is the optimal screening ultrasonographic method for the prediction of rectal DE in women with suspected endometriosis. All TVS examinations were completed by one of two operators (G.C. or S.R.), both of whom were experienced in performing gynecological TVS scans for the prediction of pelvic DE. According to the 5-domain sonographically based approach, 9 the next steps were followed during the TVS: first, the uterus was assessed for position, size, and pathology. Secondly, the ovaries were evaluated for size, mobility, and pathology. Site-specific tenderness was also assessed. Thirdly, the POD status was appraised using the real time ultrasound-based "sliding sign." A negative TVS "slid- 
| MATERIAL AND ME THODS

Key Message
In expert hands, the combination of direct visualization of rectal/rectosigmoid deep endometriosis at transvaginal sonography and a negative transvaginal sonography "slid-
ing sign" appears to be the most accurate screening method for the prediction of rectal/rectosigmoid deep endometriosis preoperatively.
| Statistical analyses
Statistical analysis was conducted using R version 3.4.0 (www.r-project. org). Data were analyzed to determine the accuracy, sensitivity, specificity, PPV and NPV, and positive likelihood ratio (LR + ) and negative likelihood ratio (LR − ) with 95% confidence intervals (CI), and the P-value of the TVS "sliding sign" to predict rectal DE using Fisher's exact test.
P < 0.05 was considered statistically significant.
| Ethical approval
Ethical approval was obtained in November 2016 (HREC code:
LNR/16/NEPEAN/16).
| RE SULTS
During the recruitment period, 410 consecutive women with suspected endometriosis were included. Complete TVS and laparoscopic surgical outcomes were available for 376 (91.7%) of the women. Symptom characteristics are shown in Table 1 . The most common symptom among the women was dysmenorrhea, followed by dyspareunia. The surgical findings for women with a positive and negative "sliding sign" during TVS are presented in Table 2 . For the remaining 16 women (21.1%) who did not undergo surgical excision of rectal/rectosigmoid DE at laparoscopy (due to the absence of bowel symptoms), the rectal/rectosigmoid DE lesion was visualized at both TVS and laparoscopy in 13 women (81.3%).
Among those patients who did not undergo bowel excision of endometriosis, 11 of 16 also had POD obliteration at surgery (68.8%).
The presence of rectal/rectosigmoid DE and the need for bowel surgery were significantly associated with a negative TVS "sliding sign" (P < 0.05).
The sensitivity of a negative "sliding sign" for the prediction of rectosigmoid DE was slightly superior when compared with rectal DE (77.4% vs 72.4%). The co-occurrence of a negative "sliding sign"
with the direct visualization of a rectal/rectosigmoid nodule had the highest specificity compared with direct visualization or "sliding sign" alone (95.3% vs 92.3% and 90.3%, respectively) (P < 0.05), and the highest PPV (79.1% vs 74.2% and 65.9%, respectively) (P < 0.05).
There were 20 of 76 (26%) false-negative cases, where the TVS "sliding sign" was positive; however, rectal DE was detected at laparoscopy (P < 0.05). The false-positive rate was lower, as 30 of 300 (10%) women had a negative "sliding sign" and no DE at surgery.
There were 10 of 76 (13%) false-negative cases for direct visualization of rectal DE, where rectal DE nodules were detected during laparoscopy but not seen at TVS (P < 0.05). The false-positive rate for direct visualization of rectal DE with TVS was 8%. The false-positive rate for a negative sliding sign (ie, women with a negative sliding sign and no rectal DIE at laparoscopy) with TVS was 10%, while the combination of both had a false-positive rate of 5%.
| D ISCUSS I ON
The current study found that direct visualization of rectal/rectosigmoid DE with TVS gave the highest accuracy (91.2%) and sensitivity (86.8%), and the combination of direct visualization and a negative "sliding sign" gave the highest specificity (95.3%) and PPV (79.1%), for the prediction of rectal/rectosigmoid DIE at laparoscopy (P < 0.05).
To the best of our knowledge, this is the first study which develops not only a comparison between a negative "sliding sign" and the direct visualization of rectal/rectosigmoid nodules during TVS in order to predict bowel disease during laparoscopy, but also uses a combination of both ultrasound techniques. According to our results, the combination of direct visualization of rectal/rectosigmoid nodules and a negative "sliding sign" is the best screening method to predict rectal/rectosigmoid DE at laparoscopy.
As has been demonstrated in previous studies, a negative TVS "sliding sign" alone was significantly associated with both rectal and rectosigmoid DE at laparoscopy. However, the sensitivity was lower compared with the recent study performed by Hudelist This study found that the combined approach (ie, the TVS "sliding sign" and the direct visualization of the bowel with TVS) There are some limitations of the present study that should be considered.
According to our results, direct visualization of rectal or rectosigmoid nodules had the highest sensitivity (87.0%) compared with the sliding sign (73.7%) and the "combined approach" (69.7%) (P < 0.05).
To reduce the number of false positives, the combination of both techniques ("sliding sign" and direct visualization) appears to be the most accurate technique in a second stage because it has the highest specificity compared with the "sliding sign" and direct visualization alone (95.3% vs 90.3% and 92.3%, respectively) (P < 0.05). However, we acknowledge that to be methodologically reliable, those two tests (first, direct visualization and secondly, combination of direct visualization and "sliding sign") should be performed sequentially and not simultaneously, as was the case in our study. Further studies need to be conducted to confirm this result.
Another limitation of the study is that those patients who were included in the study experienced chronic pelvic pain (hence, a high proportion of DE would be expected in our study population) and therefore are a selected population. In addition, the sonologists did not perform the ultrasound techniques in isolation, and for example the presence of a negative "sliding sign" may have influenced the operator to assess the posterior compartment more thoroughly to seek out an underlying rectal DE lesion.
Lastly, the surgeons were not blinded to the TVS findings prior to surgery, which may potentially bias the surgical appraisal. There were also 13 cases where a rectal DE nodule was visualized at the TVS but was not resected at laparoscopy, as well as 11 cases that had a negative "sliding sign" but did not undergo complete dissection of the POD. This may have affected the diagnostic accuracy of the TVS "sliding sign" and direct visualization of bowel DE in this study; however, only 16 of the 376 total cases (4.3%) did not undergo complete POD dissection and/or bowel DE excision.
| CON CLUS ION
The TVS "sliding sign" alone does not perform as well as direct visualization of rectal DE (with or without the "sliding sign") for the prediction of rectal DE preoperatively. A negative "sliding sign" should alert the sonographer/sonologist to the increased risk of bowel DE, and prompt a thorough assessment of the posterior compartment for sites of DE. In expert hands, the "combined technique" ("sliding sign" and direct evaluation of the rectum/rectosigmoid areas) appears to provide the most accurate assessment for the identification of rectal DE preoperatively, but a sequential study among patients with rectal/rectosigmoid visible nodules should be conducted to confirm this result.
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